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POSITIVE PHOTOSENSITIVE 
COMPOSITION 

This is a continuation of application Ser. No. 11/512,173 
?led Aug. 30, 2006, Which is a divisional of application Ser. 
No. 10/866,054 ?led Jun. 14, 2004 (noW U.S. Pat. No. 7,435, 
526), Which is a divisional of application Ser. No. 09/ 978,103 
?led Oct. 17, 2001 (noW U.S. Pat. No. 6,749,987). The entire 
disclosure of the prior applications, application Ser Nos. 
11/512,173, 10/866,054 and 09/978,103, is hereby incorpo 
rated by reference. 

FIELD OF THE INVENTION 

The present invention relates to a positive photosensitive 
composition used in the manufacturing process of a litho 
graphic printing plate or a semiconductor such as IC, in 
production of a circuit board for a liquid crystal device or a 
thermal head, and in the process of the other photofabrica 
tions. 

BACKGROUND OF THE INVENTION 

Various photosensitive compositions have been used in the 
manufacturing process of a lithographic printing plate, a 
semiconductor such as IC, in production of circuit boards for 
a liquid crystal device and a thermal head, and in the process 
of photofabrication for other devices. As the photosensitive 
compositions for these uses, photoresist photosensitive com 
positions are generally utiliZed, and they are broadly classi 
?ed into tWo groups, namely the group of positive photoresist 
compositions and the group of negative ones. 

Representatives of such positive photoresist compositions 
are chemical ampli?cation resist compositions as disclosed in 
Us. Pat. No. 4,491,628 and European Patent No. 249,139. 

Chemical ampli?cation positive resist compositions are 
materials for forming patterns on substrates. More speci? 
cally, these compositions generate acids by irradiation With 
actinic rays, such as far ultraviolet rays, and undergo reaction 
utiliZing these acids as a catalyst. This reaction causes a 
difference in solubilities in a developer betWeen the areas 
unirradiated and irradiated With the actinic rays, thereby 
enabling pattern formation. 

Examples of such chemical ampli?cation positive resist 
compositions include the combination of a compound 
capable of generating an acid by photolysis (hereinafter 
abbreviated as a photo-acid generator) and an acetal or O,N 
acetal compound (JP-A-48-89003, the term “JP-A” as used 
herein means an “unexamined published Japanese Patent 
application), the combination of a photo-acid generator and 
an orthoester or amidoacetal compound (JP-A-51-120714), 
the combination of a photo-acid generator and a polymer 
having acetal or ketal groups on the main chain (JP-A-53 
133429), the combination of a photo-acid generator and an 
enol ether compound (JP-A-55-12995), the combination of a 
photo-acid generator and an N-acylaminocarbonic acid com 
pound (JP-A-55-126236), the combination of a photo-acid 
generator and a polymer having orthoester groups on the main 
chain (J P-A-56-17345), the combination of a photo-acid gen 
erator and a tertiary alkyl ester compound (JP-A-60-3625), 
the combination of a photo-acid generator and a silyl ester 
compound (JP-A-60-10247), and the combination of a photo 
acid generator and a silyl ether compound (J P-A-60-121446). 
These compositions have high photosensitivity since the their 
quantum yields are each greater than 1 in principle. 
As examples of a system Which is stable upon storage at 

room temperature but decomposed by heating in the presence 
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2 
of an acid to become alkali-soluble, mention may be made of 
the systems obtained by combining tertiary or secondary 
carbon-containing (such as t-butyl or 2-cyclohexenyl) ester or 
carboxylic acid ester compounds and compounds capable of 
generating acids by exposure as described in JP-A-59-45439, 
JP-A-60-3625, JP-A-62-229242, JP-A-63-27829, JP-A-63 
36240, JP-A-63-250642, Polym. Eng. Sce., vol. 23, p. 1012 
(1983), ACS. Sym., vol. 242, p. 11 (1984), Semiconductor 
World, the November issue in 1987, p. 91, Macromolecules, 
vol. 21, p. 1475 (1988), and SPIE, vol. 920, p. 42 (1988). 
These systems also have high photosensitivity, and shoW poor 
absorption in the far ultraviolet region. Therefore, they can be 
effective in enabling the use of a light source With shorter 
Wavelengths suitable for submicron photolithography. 
The chemical-ampli?cation positive resist compositions as 

mentioned above are broadly classi?ed into tWo groups. One 
group includes three-component systems Which are each con 
stituted of an alkali-soluble resin, a compound capable of 
generating an acid upon exposure to radiation (photo-acid 
generator) and a compound having an acid-decomposable 
group and inhibiting dissolution of an alkali-soluble resin. 
The other group includes tWo-component systems Which are 
each constituted of a resin having groups capable of being 
decomposed by reaction With an acid to become alkali 
soluble and a photo-acid generator. 

In such tWo-component or three-component positive resist 
of chemical ampli?cation type, resist patterns are formed by 
development after thermal treatment in the presence of an 
acid generated from a photo-acid generator by exposure. 
As mentioned above, such chemical ampli?cation positive 

resist compositions can be systems suitable for a light source 
With shorter Wavelengths enabling submicron photolithogra 
phy. HoWever, further improvements in resolution and pro 
cess latitude, including exposure margin or focus depth, have 
been required for them. 

In such systems, compounds capable of generating tri?uo 
romethanesulfonic acid, such as triphenylsulfonium tri?uo 
romethanesulfonate, and compounds capable of generating 
longer-chain ?uoroalkylsulfonic acids are used as photo-acid 
generators. 

Further, compounds capable of per?uoroalkanesulfonic 
acids, such as triphenylsulfonium tri?ate and bis(t-butylphe 
nyl)iodonium per?uorobutanesulfonate, are also Well knoWn 
as photo-acid generators. A compound capable of generating 
a per?uorobutanesulfonic acid is described in WO 00/08525, 
JP-A-09-12537, JP-A-2000-275845 and EP 1041442A. 

In general, per?uoroalkyl compounds have high hydropho 
bicity, so they are used for Water-repellent coating on clothes. 
Therefore, the resist using an acid generator capable of gen 
erating a per?uoroalkylsulfonic acid upon irradiation With 
actinic rays has a loW af?nity for aqueous developers, and so 
it suffers from a sensitivity drop and scum development due to 
degradation in developability. 

Further, the arts mentioned above cannot satisfactorily 
meet the current needs for photolithography and have room 
for improvements in resolution and process latitude, includ 
ing exposure margin and focus depth. 

SUMMARY OF THE INVENTION 

Therefore, an object of the invention is to provide a positive 
photosensitive composition Which can ensure high resolution 
and improved exposure margin in photolithography utiliZing 
a light source for short-Wavelength exposure enabling super 
minute patterning and a chemical-ampli?cation positive 
resist. 



US 7,776,512 B2 
3 

Another object of the invention is to provide a positive 
resist composition enabling reduction in scum and improve 
ment in process latitude, including exposure margin and 
focus depth. 

The folloWing positive resist compositions are provided as 
embodiments of the invention, and thereby the aforemen 
tioned objects can be attained. 

(l) A positive photosensitive composition comprising: 
(A) a compound capable of generating a sulfonic acid 

represented by formula Qi) beloW upon irradiation With one 
of an actinic ray and radiation; and 

(B) a resin capable of decomposing under the action of an 
acid to increase the solubility in an alkali developer: 

4 
(4). The positive photosensitive composition as described 

in item (1 ), Wherein the resin (B) contains a lactone structure. 

(5). The positive photosensitive composition as described 
in item (1 ), Wherein the compound (A) comprises at least one 
of an iodonium salt of the sulfonic acid represented by for 

mula Qi) and sulfonium salt of the sulfonic acid represented 
by formula Ci). 

(6). A positive photosensitive composition as described in 
item (1), Wherein the compound (A) comprises at least one 
compound selected from compounds represented by formu 
lae (l) to (111): 

wherein RM to R1 3a groups each represents a hydrogen atom, 
an alkyl group, a haloalkyl group, a halogen atom or a 
hydroxyl group; Al and A2, Which are the same or different, 
each represents a single bond or a hetero atom-containing 
divalent linkage group, provided that, When each ofAl andA2 
is single bond, all of the RM to Rm, groups do not simulta 
neously represent a ?uorine atom and all of the RM to Rm, 
groups do not simultaneously represent a hydrogen atom; ml 
to m5, Which are the same or different, each represents an 
integer of 0 to 12; and p represents an integer of 0 to 4. 

(2). The positive photosensitive composition as described 
in item (1 ), Wherein the sulfonic acid represented by formula 
(X) comprises a compound represented by formula (X'): 

Wherein RM to R1 3a groups each represents a hydrogen atom, 
an alkyl group, a haloalkyl group, a halogen atom or a 
hydroxyl group; Al and A2, Which are the same or different, 
each represents a single bond or a hetero atom-containing 
divalent linkage group, provided that, When each ofAl andA2 
is single bond, all of the RM to Rm, groups do not simulta 
neously represent a ?uorine atom and all of the RM to RUG 
groups do not simultaneously represent a hydrogen atom; m 
represents an integer of 0 to 12; n represents an integer of 0 to 
12; and q represents an integer of l to 3. 

(3). The positive photosensitive composition as described 
in item (1), Which further comprises (C) a dissolution-inhib 
iting compound having a molecular Weight of not more than 
3,000 Which contains an acid-decomposable group and can 
increase the solubility in an alkali developer by the action of 
an acid. 
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(X) 

i R211 
“5 

p 

(1) 
R29 R28 R37 R36 

R30 1+ R35 X 

R31 R32 R33 R34 

(11) 
R4 R3 

R5 R2 
R7 R6 

R1 
R8 s+ X 

R15 

R9 R10 
R11 R14 

R12 R13 
(111) 

R16 

R17 /_ R24 / \ R25 

R20 R22 

Q R21 R23 <‘ > 
R18 \—/ R19 R27 \—/ R26 

wherein R1 to R37 groups, Which are the same or different, 
each represents a hydrogen atom, a straight-chain or branched 
alkyl group having 1 to 4 carbon atoms, a cycloalkyl group 
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having 3 to 8 carbon atoms, a alkoxy group having 1 to 4 
carbon atoms, a hydroxyl group, a halogen atom, or an 
iSiR38 group; R38 represents a straight-chain or branched 
alkyl group having 1 to 12 carbon atoms, a cycloalkyl group 
having 3 to 8 carbon atoms, or an aryl group having 6 to 14 
carbon atoms; X' represents an anion of the sulfonic acid 
represented by formula (X) described above. 

(7). The positive photosensitive composition as described 
in item (1), Wherein at least one of the RM to RUG groups in 
formula Qi) represents a ?uorine atom. 

(8). The positive photosensitive composition as described 
in item (1), Wherein the sulfonic acid represented by formula 
(X) comprises CF3CF2iO4CF2CF2SO3H. 

(9). The positive photosensitive composition as described 
in item (1), Wherein the resin (B) contains at least one of a 
monocyclic alicyclic structure and polycyclic alicyclic struc 
ture. 

(10). A positive photosensitive composition comprising: 
(A) a compound capable of generating a sulfonic acid 

represented by formula Qi) beloW upon irradiation With one 
of an actinic ray and radiation; 

(C) a dissolution-inhibiting compound having a molecular 
Weight of not more than 3,000 Which contains an acid-decom 
posable group and can increase the solubility in an alkali 
developer by the action of an acid; and 

(D) a resin insoluble in Water and soluble in an alkali 
developer; 

6 
is single bond, all of the RM to RUG groups do not simulta 
neously represent a ?uorine atom and all of the RM to RUG 
groups do not simultaneously represent a hydrogen atom; m 
represents an integer of 0 to 12; n represents an integer of 0 to 
12; and q represents an integer of 1 to 3. 

(12). The positive photosensitive composition as described 
in item (10), Wherein the compound (A) comprises at least 
one of an iodonium salt of the sulfonic acid represented by 

A. \ \ 
\RMZ \RJ. 3 4 

Wherein RM to R1 3a groups each represents a hydrogen atom, 
an alkyl group, a haloalkyl group, a halogen atom or a 
hydroxyl group; Al and A2, Which are the same or different, 
each represents a single bond or a hetero atom-containing 
divalent linkage group, provided that, When each ofAl andA2 
is single bond, all of the RM to Rm, groups do not simulta 
neously represent a ?uorine atom and all of the RM to RUG 
groups do not simultaneously represent a hydrogen atom; ml 
to m5, Which are the same or different, each represents an 
integer of 0 to 12; and p represents an integer of 0 to 4. 

(1 1). The positive photosensitive composition as described 
in item (10), Wherein the sulfonic acidrepresented by formula 
(X) comprises a compound represented by formula (X'): 

Wherein RM to R1 30 groups each represents a hydrogen atom, 
an alkyl group, a haloalkyl group, a halogen atom or a 
hydroxyl group; Al and A2, Which are the same or different, 
each represents a single bond or a heteroatom-containing 
divalent linkage group, provided that, When each ofAl andA2 

10 formula Qi) and sulfonium salt of the sulfonic acid repre 
sented by formula (X). 

(13). The positive photosensitive composition as described 
in item (10), Wherein the compound (A) comprises at least 

15 one compound selected from compounds represented by for 
mulae (l) to (111): 

(I) 
20 R29 R28 R37 R36 

R30 1+ R35 X 

25 R31 R32 R33 R34 

_ _ (X) 

/ R”\ A2 R211 

\R3a 
m 5 

_ _ P 

40 -continued 
(11) 

R4 R3 

R5 R2 
45 R7 R6 

R1 
R8 s+ X 

R15 
50 

R9 R10 
R11 R14 

R12 R13 
55 (111) 

R16 

R17 /_ R24 /—\ R25 

R20 R22 U 60 

.@}.@}f Q o 
65 R18 \—/ R19 R27 \—/ R26 
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wherein R1 to R37 groups, Which are the same or different, 
each represents a hydrogen atom, a straight-chain or branched 
alkyl group having 1 to 4 carbon atoms, a cycloalkyl group 
having 3 to 8 carbon atoms, a alkoxy group having 1 to 4 
carbon atoms, a hydroxyl group, a halogen atom, or an 
iSiR38 group; R38 represents a straight-chain or branched 
alkyl group having 1 to 12 carbon atoms, a cycloalkyl group 
having 3 to 8 carbon atoms, or an aryl group having 6 to 14 
carbon atoms; X“ represents an anion of the sulfonic acid 
represented by formula (X) described above. 

(14). The positive photosensitive composition as described 
in item (10), Wherein at least one of the RM to RUG groups in 
formula Qi) represents a ?uorine atom. 

(15). The positive photosensitive composition as described 
in item (10), Wherein the sulfonic acidrepresented by formula 
(X) comprises CF3CF2iO4CF2CF2SO3H. 

(16) The positive photosensitive composition as described 
in item (10), Wherein the resin (D) contains at least one of a 
monocyclic alicyclic structure and polycyclic alicyclic struc 
ture. 

(17). An iodonium or sulfonium salt compound repre 
sented by formulae (1) to (I11): 

(1) 
R29 R28 R37 R36 

R30 1+ R35 X 

R31 R32 R33 R34 
(11) 

R4 R3 

R5 R2 
R7 R6 

R1 
R8 s+ X 

R15 

R9 R10 
R11 R14 

R12 R13 
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-continued 
(111) 

R16 

R17 /_ R24 I \ R25 

R20 R22 U 

.@}.@}f Q oh 
Rl8 \_/ R19 R27 \_/ R26 

wherein R1 to R37 groups, Which are the same or different, 
each represents a hydrogen atom, a straight-chain or branched 
alkyl group having 1 to 4 carbon atoms, a cycloalkyl group 
having 3 to 8 carbon atoms, a alkoxy group having 1 to 4 
carbon atoms, a hydroxyl group, a halogen atom, or an 
iSiR38 group; R38 represents a straight-chain or branched 
alkyl group having 1 to 12 carbon atoms, a cycloalkyl group 
having 3 to 8 carbon atoms, or an aryl group having 6 to 14 
carbon atoms; X- represents an anion of a sulfonic acid rep 
resented by formula Q(); 

(X) 

Wherein RM to R1 30 groups each represents a hydrogen atom, 
an alkyl group, a haloalkyl group, a halogen atom or a 

hydroxyl group; Al and A2, Which are the same or different, 
each represents a single bond or a hetero atom-containing 
divalent linkage group, provided that, When each of A 1 and A2 
is single bond, all of the RM to RUG groups do not simulta 
neously represent a ?uorine atom and all of the RM to RUG 
groups do not simultaneously represent a hydrogen atom; ml 
to m5, Which are the same or different, each represents an 
integer of 0 to 12; and p represents an integer of 0 to 4. 

(18). The iodonium or sulfonium salt compound as 
described in item (17), Wherein the sulfonic acid represented 
by formula Qi) is a compound represented by formula QC): 
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wherein RM to R1 3a groups each represents a hydrogen atom, 
an alkyl group, a haloalkyl group, a halogen atom or a 
hydroxyl group; Al and A2, Which are the same or different, 
each represents a single bond or a hetero atom-containing 
divalent linkage group, provided that, When each ofAl andA2 
is single bond, all of the RM to Rl3a groups do not simulta 
neously represent a ?uorine atom and all of the RM to Rl3a 
groups do not simultaneously represent a hydrogen atom; m 
represents an integer of 0 to 12; n represents an integer of 0 to 
12; and q represents an integer of l to 3. 

Additionally, the present photosensitive compositions can 
deliver excellent resist performances even When electron 
beams are used as energy beams for irradiation. The irradia 
tion With electron beams has a problem that the incident 
beams interact With atomic nuclei and electrons of ingredi 
ents in resist because of their electric charges, so that When 
electron beams is launched into a resist ?lm a scattering 
phenomenon takes place to degrade a pattern pro?le. 

Another problem of electron beams is in that, even When 
electron beams are irradiated in a reduced beam diameter With 
the intention of forming ?ne patterns, the area irradiated With 
them is broadened due to the scattering phenomenon 
described above and thereby the resolution is loWered. 

These problems of irradiation With electron beams are, 
hoWever, solved Well by the present compositions. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention includes: 
1. A positive photosensitive composition comprising: 
(A) a compound capable of generating a sulfonic acid 

represented by formula Qi) above upon irradiation With one 
of an actinic ray and radiation; and 

(B) a resin capable of decomposing under the action of an 
acid to increase the solubility in an alkali developer (herein 
after referred to as “the ?rst composition”), and 

2. A positive photosensitive composition comprising: 
(A) a compound capable of generating a sulfonic acid 

represented by formula Qi) beloW upon irradiation With one 
of an actinic ray and radiation; 

(C) a dissolution-inhibiting compound having a molecular 
Weight of not more than 3 ,000 Which contains an acid-decom 
posable group and can increase the solubility in an alkali 
developer by the action of an acid; and 

(D) a resin insoluble in Water and soluble in an alkali 
developer (hereinafter referred to as “the second composi 
tion”). 
When the simple expression of “positive photosensitive 

composition” or “composition” is used hereinafter, it 
includes both the ?rst composition and the second composi 
tion mentioned above. 

Additionally, the term “an actinic ray and radiation” used 
in the invention is intended to include far ultraviolet rays 
(such as KrF excimer laser and ArF excimer laser), electron 
beams, X-rays and ion beams. 

The compounds, resins and other components contained in 
the present positive photosensitive compositions are 
described beloW in greater detail. 

[Description of Components Contained in Compositions] 

<<Photo -Acid Generators>> 
Photo -acid generators used in the invention are compounds 

capable of generating sulfonic acids represented by the fore 
going formula (X) upon irradiation With actinic rays or radia 
tion (hereinafter referred to as “Component (A)” or “sulfonic 
acid-generators”). Of these compounds, the compounds 
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10 
capable of generating sulfonic acids represented by the fore 
going formula (X') are preferred over the others. 

In formula Q() or QC), the alkyl groups represented by RM 
to Rl3a groups include alkyl groups having 1 to 12 carbon 
atoms, such as methyl, ethyl, propyl, n-butyl, sec-butyl and 
t-butyl, Which may have substituent groups. 

The haloalkyl groups represented by RM to R1 30 groups are 
alkyl groups substituted With a halogen atom, and include 
alkyl groups having 1 to 12 carbon atoms Which are substi 
tuted With at least one of ?uorine atom, chlorine atom, bro 
mine atom and iodine atom, and the preferable haloalkyl 
groups are alkyl groups substituted With a ?uorine atom. 

The halogen atoms represented by RM to Rl3a groups 
include ?uorine, chlorine and iodine atoms. 

As examples of substitutents the foregoing alkyl groups 
may have, mention may be made of alkoxy groups having 1 to 
4 carbon atoms, halogenatoms (e.g., ?uorine, chlorine, 
iodine), aryl groups having 6 to 10 carbon atoms, alkenyl 
groups having 2 to 6 carbon atoms, a cyano group, a hydroxyl 
group, a carboxyl group, alkoxycarbonyl groups and a nitro 
group. 

Examples of a hetero atom-containing divalent linkage 
group represented by A1, A2 or A include iOi, iSi, 
%Oi, %OOi, %ONRi, iSOZNRi, iCON 
RCOi, iSOZNRCOi, iSO2NRSO2i and 
ADCONRi. 

Herein, R represents a hydrogen atom, or an alkyl group 
having 1 to 10 carbon atoms, Which may be substituted With 
a halogen atom, a hydroxyl group or an alkoxy group. Further, 
R may combine With at least one of the RM to Rl3a groups to 
form a ring. And the ring formed may contain a linkage group, 
such as an oxygen atom, a nitrogen atom, a sulfur atom or 
%Oi. 

As the sulfonic acids of formula (X) or (X'), cases are 
suitable Where at least one of the RM to Rl3a groups repre 
sents a halogen atom, especially a ?uorine atom. In particular, 
it is preferable that either the Rlza or Rl3a group or both of 
these groups in formula Q() or (X') are ?uorine atoms. 

Of these sulfonic acids, CF3(CF2)k[A(CF2)k,]qSO3H, CF3 
(CF2)k(CH2)kSO3H, CH3(CH2)k(CF2)k,SO3H (Wherein k is 
an integer of0 to 12, k' is an integer of l to 12, and A and q 
respectively have the same meanings as the above) and com 
pounds represented by the folloWing formula are preferred 
over the others, especially CF3CF2iO4CF2CF2SO3H is 
preferable: 

Herein, ml is an integer of 0 to 3, preferably 0 or 1, andAl 
preferably represents a single bond, ‘Oi, 4CONRi or 
%OOi. 

Further, it is preferable that the number of ?uorine atoms 
contained in the sulfonic acid of formula Q() be not more than 
20, preferably not more than 15, particularly preferably not 
more than 9. Furthermore, in vieW of improvement in a?inity 
of the acid generator for Water, it is preferable that the number 
of ?uorine atoms contained in the sulfonic acid is smaller than 
that of hydrogen atoms. 



US 7,776,512 B2 
11 

As Component (A) of the present invention, sulfonium or 
iodonium salts of sulfonic acids represented by the foregoing 
formula (X) are suitable from the vieWpoints of sensitivity 
and resolution. 

The sulfonium salts are more suitable, and they enable 
further improvement in storage stability. 

Speci?cally, compounds having structures represented by 
the folloWing formulae (1) to (III) are preferred as Component 
(A): 

(1) 
R29 R28 R37 R36 

R30 1+ R35 X' 

R31 R32 R33 R34 
(11) 

R4 R3 

R5 R2 
R7 R6 

R1 
R8 s+ x 

R15 

R9 R10 
R11 R14 

R12 R13 
(111) 

R16 

R‘Q w doqoyb 
R25 

R27 R26 

wherein R1 to R37 groups each represent a hydrogen atom, a 
straight-chain, branched or cyclic alkyl group, a straight 
chain, branched or cyclic alkoxy group, a hydroxyl group, a 
halogen atom or an iSiR38 group, R38 represents a 
straight-chain, branched or cyclic alkyl group or an aryl 
group, and X“ represents an anion of sulfonic acid repre 
sented by formula Q(). 
As examples of a straight-chain or branched alkyl group 

represented by Rl to R38 groups each, mention may be made 
of alkyl groups having 1 to 4 carbon atoms, including methyl, 
ethyl, propyl, n-butyl, sec-butyl and t-butyl groups, Which 
each may have a substituent group. 
As examples of a cyclic alkyl group represented by Rl to 

R38 groups each, mention may be made of cycloalkyl groups 
having 3 to 8 carbon atoms, including cyclopropyl, cyclopen 
tyl and cyclohexyl groups, Which each may have a substituent 
group. 
As examples of an alkoxy group represented by Rl to R37 

groups each, mention may be made of alkoxy groups having 
1 to 4 carbon atoms, including methoxy, ethoxy, hydroxy 
ethoxy, propoxy, n-butoxy, isobutoxy, sec-butoxy and t-bu 
toxy groups. 
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As examples of a halogen atom represented by Rl to R37 

groups each, mention may be made of ?uorine, chlorine, 
bromine and iodine atoms. 
As examples of an aryl group represented by R38, mention 

may be made of unsubstituted or substituted aryl groups 
having 6 to 14 carbon atoms, including phenyl, tolyl, meth 
oxyphenyl and naphthyl groups. 
As examples of a substituent group Which each of the 

groups as recited above may have, mention may be made of 
alkoxy groups having 1 to 4 carbon atoms, halogen atoms 
(e.g., ?uorine, chlorine, iodine), aryl groups having 6 to 10 
carbon atoms, alkenyl groups having 2 to 6 carbon atoms, a 
cyano group, a hydroxyl group, a carboxyl group, alkoxycar 
bonyl groups and a nitro group. 

Every iodonium compound of formula (I) and sulfonium 
compound of formula (II) or (III) Which can be used in the 
invention contains as counter anion X- an anion of sulfonic 
acid represented by formula Qi). 

Such an anion is an anion (iSO3_) formed by departure of 
a hydrogen atom from the sulfonic acid group (iSO3H). 

In addition, aromatic ring-free sulfonium salts and phena 
cyl sulfonium salts are also suitable as Component (A). 
As examples of such aromatic ring-free sulfonium salts, 

mention may be made of salts containing sulfonium repre 
sented by the folloWing formula (IV) as their cation: 

Wherein Rlb to R31’ groups independently represent an organic 
group having no aromatic ring. The term “aromatic ring” used 
herein is intended to include hetero atom-containing aromatic 
rings also. 
The number of carbon atoms contained in the aromatic 

ring-free organic group as each of the Rlb to R31’ groups is 
generally from 1 to 30, preferably from 1 to 20. 

Speci?cally, it is preferable that Rlb to R31’ groups each 
represent an alkyl group, a 2-oxoalkyl group, an alkoxycar 
bonylmethyl group, an allyl group or a vinyl group, prefer 
ably a straight-chain, branched or cyclic 2-oxoalkyl group, or 
an alkoxycarbonylmethyl group, particularly preferably a 
straight-chain or branched 2-oxoalkyl group. 
The alkyl group as each of Ru’ to R31’ groups, though may 

have any of straight-chain, branched and cyclic forms, pref 
erably includes straight-chain or branched alkyl groups hav 
ing 1 to 10 carbon atoms (such as methyl, ethyl, propyl, butyl, 
pentyl) and cycloalkyl groups having 3 to 10 carbon atoms 
(e.g., cyclopentyl, cyclohexyl, norbomyl). 
The 2-oxoalkyl group as each of Rlb to R31’ groups, though 

may have any of straight-chain, branched and cyclic forms, 
preferably includes the groups having the same alkyl moieties 
as the alkyl groups recited above and >C:O at the 2-posi 
tions thereof. 
The alkoxy moiety of an alkoxycarbonylmethyl group as 

each of Ru’ to R31’ groups is preferably an alkyl group having 
1 to 5 carbon atoms (e.g., methyl, ethyl, propyl, butyl, pentyl). 
Each of the groups represented by Rlb to R31’ may further 

be substituted With a halogen atom, an alkoxy group (con 
taining, e.g., l to 5 carbon atoms), a hydroxyl group, a cyano 
group or a nitro group. 

Any tWo of R11’ to R31’ groups may combine With each other 
to from a ring structure, and in the ring formed may be 
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contained an oxygen atom, a sulfur atom, an ester linkage, an 
amide linkage or a carbonyl group. As examples of a group 
formed by combining any tWo of Ru’ to R31’ groups, mention 
may be made of alkylene groups (e. g., butylene, pentylene). 
From the vieWpoint of photo-reactivity, it is preferable that 

one of Rlb to R31’ groups is a group having a carbon-carbon 
double bond or a carbon-oxygen double bond. 
As to the compounds represented by formula (IV), a struc 

ture may be taken that at least one of Rlb to R31’ groups present 
in one compound is bound to at least one of Rlb to R31’ groups 
present in another compound. 

The aromatic ring-free sulfonium salts contain anions of 
sulfonic acids represented by formula Q() as their counter 
anions. 

Examples of a compound having a phenacyl sulfonium salt 
structure include compounds represented by the folloWing 
formula (V): 

(V) 

Wherein R16 to R56 groups independently represent a hydro 
gen atom, an alkyl group, an alkoxy group, or a halogen atom; 
R66 and R76 groups independently represent a hydrogen atom, 
an alkyl group, or an aryl group; Rx and Ry groups indepen 
dently represent an alkyl group, a 2-oxoalkyl group, an 
alkoxycarbonylmethyl group, an allyl group or a vinyl group; 
or at least tWo of R16 to R76 groups may combine With each 
other to form a ring structure, or Rx and Ry may combine With 
each other to form a ring structure, and the ring structure 
formed may contain an oxygen atom, a sulfur atom, an ester 
linkage or an amide linkage; and X- is an anion of sulfonic 
acid represented by formula (X). 

The alkyl groups as R16 to R56 may have any of straight 
chain, branched and cyclic forms, and examples thereof 

(A-l) 

(A-3) 

(A-5) 

(A-7) 
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include alkyl groups having 1 to 10 carbon atoms, preferably 
1 to 5 carbon atoms, straight-chain and branched alkyl groups 
(such as a methyl group, an ethyl group, straight-chain and 
branched propyl groups, straight-chain and branched butyl 
groups, and straight-chain and branched pentyl groups), and 
cycloalkyl groups having 3 to 8 carbon atoms (such as cyclo 
pentyl and cyclohexyl groups). 
The alkoxy groups as RIC to R56 may have any of straight 

chain, branched and cyclic forms, and examples thereof 
include alkoxy groups having 1 to 10 carbon atoms, prefer 
ably l to 5 carbon atoms, straight-chain and branched alkoxy 
groups (such as a methoxy group, an ethoxy group, straight 
chain and branched propoxy groups, straight-chain and 
branched butoxy groups, and straight-chain and branched 
pentoxy groups), and cycloalkoxy groups having 3 to 8 car 
bon atoms (such as cyclopentyloxy and cyclohexyloxy 
groups). 
As to the compounds represented by formula (V), it is 

preferable that anyone of RIC to R56 be a straight-chain, 
branched or cyclic alkyl or alkoxy group. Further, the total 
number of carbon atoms contained in R16 to R56 groups is 
preferably from 2 to 15. By being so designed, the compounds 
can have increased solvent solubilities and inhibit particle 
generation upon storage. 

Examples of alkyl groups as R66 and R76 include the same 
alkyl groups as Rlcto R5c.And examples of aryl groups as R66 
and R76 include aryl groups having 6 to 14 carbon atoms (e. g., 
phenyl). 

Examples of alkyl groups as Rx and Ry include the same 
alkyl groups as R16 to R56. 
The 2-oxoalkyl group as Rx and Ry groups each includes 

the groups having >C:O at the 2-positions of the alkyl 
groups recited as those for R16 to R56 groups. 

Examples of an alkoxy moiety in the alkoxycarbonylm 
ethyl group as Rx and Ry groups each include the same 
alkoxy groups as recited above With respect to the RIC to R56 
groups. 

Examples of a group formed by combining Rx With Ry 
include a butylene group and a pentylene group. 

Examples of a compound usable as Component (A) (in 
cluding compounds represented by formulae (1) to (V )) are 
illustrated beloW. HoWever, these examples should not be 
construed as limiting the scope of the invention in any Way. 
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-continued 

(A-27) (A-ZS) 

(A-29) (A-30) 

(if) 
(A-31) (A-32) 

(if) 
(A-33) (A-34) 
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-continued 
(A-llO) 

osozcrzcrzocrzcr3 

N02 

The Compounds (A-14), (A-15), (A-19), (A-20), (A-50), 
(A-51) and (A-52) illustrated above are each prepared using 
as starting materials sulfonic acids synthesized via telomer 
iZation. Therefore, each of them is a mixture containing at 
least 60% of the compound illustrated and sulfonic acid salts 
differing in ?uoroalkyl chain length. 
Compounds represented by formula (I) as Component (A) 

can be synthesized by reacting aromatic compounds With 
periodate, and then subjecting the resulting iodonium salts to 
salt exchange reaction using the corresponding sulfonic 
acids. 
Compounds represented by formula (11) and those repre 

sented by formula (111) can be synthesiZed by reacting aryl 
Grignard reagents, such as arylmagnesium bromides, With 
substituted or unsubstituted phenyl sulfoxide, and then sub 
jecting the resulting triarylsulfonium halides to salt exchange 
reaction using the corresponding sulfonic acids. 

Further, those compounds can be synthesiZed using a 
method in Which substituted or unsubstituted phenyl sulfox 
ide and the corresponding aromatic compounds are con 
densed in the presence of an acid catalyst, such as methane 
sulfonic acid/diphosphorus pentoxide or aluminum chloride, 
and then the condensation products are subjected to salt 
exchange reaction, or a method of condensing diaryl iodo 
nium salts and diaryl sul?de in the presence of a catalyst such 
as copper acetate, and then subjecting the condensation prod 
ucts to salt exchange reaction. 

The salt exchange reaction can be effected by a method in 
Which the halide salts once derived are converted to sulfonic 
acid salts With the aid of a silver reagent, such as silver oxide, 
or ion exchange resins. The sulfonic acids or sulfonic acid 
salts used for the salt exchange reaction are commercially 
available or can be prepared by hydrolysis of commercially 
available sulfonic acid halides. 

The foregoing compounds as Component (A) can be used 
alone or as various combinations thereof. 

The suitable proportion of the compound(s) as Component 
(A) in the present positive photo sensitive composition is from 
0.1 to 20 Weight %, preferably from 0.5 to 10 Weight %, 
particularly preferably from 1 to 7 Weight %, on a solids basis. 

<Other Photo-Acid Generators Usable Together With Com 
pounds as Component (A)> 

In addition to the compounds de?ned above as Component 
(A), other compounds capable of decomposing upon irradia 
tion With actinic rays or radiation to generate acids may be 
used in the invention. 

The mole ratio of the compound(s) as Component (A) to 
photo-acid generators used together thereWith is generally 
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(A-lll) 
No2 

osozcrzcrzocrzcr3 

No2 
(A-112) 

from 100/0 to 20/80, preferably from 100/0 to 40/60, particu 
larly preferably from 100/0 to 50/50. 

The photo-acid generators used together With the com 
pound(s) as Component (A) can be selected preferably from 
photo-initiators for cationic photopolymeriZation, photo-ini 
tiators for radical photopolymeriZation, photodecolouring 
agents for dyes, photodiscolouring agents, compounds 
knoWn to be used in microresist and capable of generating 
acids by irradiation With actinic rays or radiation, or mixtures 
of tWo or more of the agents recited above. 

Examples of such photo-acid generators include onium 
salts, such as diaZonium salts, ammonium salts, phospho 
nium salts, iodonium salts, sulfonium salts, selenonium salts 
and arsonium salts, organic halogen compounds, organo 
metal-organic halide compounds, photo-acid generators hav 
ing o-nitrobenZyl type protective groups, compounds capable 
of generating sulfonic acid by photolysis, typi?ed by imino 
sulfonates, and disulfone compounds. 

In addition, polymers having main or side chains into 
Which are introduced those groups or compounds capable of 
generating acids upon irradiation With actinic rays or radia 
tion, as described in Us. Pat. No. 3,849,137, German Patent 

3914407, JP-A-63-26653, JP-A-55-164824, JP-A-62-69263, 
JP-A-63-146038, JP-A-63-163452, JP-A-62-153853 and 
JP-A-63-146029, can be used. 

Also, the compounds capable of generating acids under 
light, as described in Us. Pat. No. 3,779,778 and European 
Patent 126,712, can be used. 

Of the above-recited photo-acid generators Which can be 
used together With the compound(s) as Component (A), the 
folloWing compounds are used to particular advantage. 

(1) Trihalomethyl-substituted oxaZole compounds repre 
sented by the folloWing formula (PAGl) or trihalomethyl 
substituted s-triaZine compounds represented by the folloW 
ing formula (PAG2): 

(PAGl) 
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(PAGZ) 

R202 

A 5 
l N (Y)3C N)\C(Y)3 

10 

In the above formulae, R201 represents a substituted or 
unsubstituted aryl or alkenyl group, R202 represents a substi 
tuted or unsubstituted aryl, alkenyl or alkyl group, or 4C 
(Y)3, andY represents a chlorine or bromine atom. 

Examples of such compounds are illustrated beloW, but the 15 
compounds usable in the invention should not be construed as 
being limited to these examples. 

(PAGl-l) 20 

N—N 

Cl CH—CH—C/ \\C—CCl 
— \O/ 3 

(PAGl-Z) 25 

N—N 

CH CH—CH—C// \\C—CCl 3 — 3 

PAGZ-l 
ccl3 ( ) 30 

Nl \ N 

A A 
0130 N 0013 35 

(PAGZ-Z) 
Cl 

9 .0 
N \ N 

| 45 
/ 

0130 N 0013 

(PAG3-1) 

< > o < > e 1 cr3so3 
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(2) lodonium salts represented by the folloWing formula 
(PAG3) or sulfonium salts represented by the folloWing for 
mula (PAG4): 

(PAG3) 
Arl 

/ 
Ar2 

(PAG4) 
R203 

In the above formulae, Arl andAr2 independently represent 
a substituted or unsubstituted aryl group. Examples of a sub 
stituent suitable for the aryl group include an alkyl group, a 
haloalkyl group, a cycloalkyl group, an aryl group, an alkoxy 
group, a nitro group, a carboxyl group, an alkoxycarbonyl 

group, a hydroxyl group, a mercapto group and a halogen 
atom. 

R203 , R204 and R205 independently represent a substituted 
or unsubstituted alkyl or aryl group, preferably a 6-l4C aryl 
group Which may have a substituent, or a l-8C alkyl group 
Which may have a substituent. 

Examples of a substituent suitable for such an aryl group 
include a l-8C alkoxy group, a l-8C alkyl group, a nitro 

group, a carboxyl group, a hydroxyl group and a halogen 
atom, and those for such an alkyl group include a l-8C alkoxy 
group, a carboxyl group and an alkoxycarbonyl group. 

Z- represents a counter anion, With examples including 
B134“, AsF6_, P136“, SbF6_, SiF6_, C104“, per?uoroalkane 
sulfonic acid anions such as CF3SO3_, penta?uorobenZene 
sulfonic acid anion, condensed polynuclear aromatic sulfonic 
acid anions such as naphthalene-l-sulfonic acid anion, 
anthraquinonesulfonic acid anion, and sulfonic acid group 
containing dyes. HoWever, Z“ should not be construed as 
being limited to these examples. 

Further, any tWo among R203, R204 and R205, orArl andAr2 
may be bound to each other via a single bond or a substituent. 

Examples of onium salts as de?ned above are illustrated 

beloW. HoWever, the onium salts usable in the invention 
should not be construed as being limited to these examples. 

< > (+) < > e 1 sbr8 

(PAG3-2) 

(PAG3-3) 














































































































